The use of chemotherapy in treating and enhancing the growth of fish has been widely criticized due to its negative environmental consequence. Hence, the use of probiotics which are bio-friendly seems to be a promising alternative. Therefore, the importance of probiotics in fish production was critically reviewed in line with their growth rate, disease treatment, and immune boosting. It was, however, realized that probiotics such as Lactobacillus fermentum and Saccharomyces cerevisiae cultured from maize slurry and palm wine, respectively, could serve as good probiotics, which could enhance faster growth rate and wound-healing rate. Probiotics are, therefore, recommended to the fish farmers so as to increase the profitability of the aquaculture business.
Introduction
Aquaculture is an ancient occupation of man in which its fast growth due to rapid development has given birth to modern equipment and technology leading to its intensification and commercialization. This development has placed disease problems on the threatening side, making it to be a major constraint to the culture of many aquatic species and consequential impediment on economic and social development in many countries [1] . Owing to the artificial conditions posed by intensive rearing, farmed fish is more susceptible to disease agents than fish in natural aquatic environments [2] . Fish diseases constitute the major limiting factor in aquaculture production since the disease causative agents thrive well in water. Various types of bacterial diseases in fish have been encountered in fresh water fishes across the globe [3] . Jakhar et al. [4] reported that bacterial pathogens cause heavy mortality in both cultured and wild fish/shell species over the world.
However, prevention and control of diseases have led to a substantial increase in the use of broadspectrum chemotherapeutics, which has been reported to cause development of resistant bacteria, reduction in yield, and introduction of potential hazard to public health, the environment, and killing of the microbial flora in the digestive tracts, which is beneficial to the fish [5] . The development of resistant bacterial genes as a result of exposure to antimicrobial agents has not only made the drugs applied useless, but has also made the animals treated with it not safe for human consumption; therefore, it turned the treatment exercise to a wasteful process, which eventually makes this to be a major disadvantage of using synthetic antibiotics in aquaculture [6] . The success of modern aquaculture among others hinges on the use of biological control agents for diseases, and this depends on the fact of microbial antagonism [3] and triggering immune response to disease challenge.
Generally, the immune system of aquatic organisms is affected by periodic and unexpected changes in their environment. Adverse environmental situations may acutely or chronically, stress the fish, altering some of their biochemical parameters and suppressing their innate and adaptive immune responses [7] . This triggers nonspecific defense mechanisms, which plays important role at all stages of infection. Fish, particularly, depends more heavily on these nonspecific defense mechanisms than mammals. Therefore, there has been an increasing interest in boosting the nonspecific immune system of fish for the treatment and prophylactic measure against disease in the last decade using biological and eco-friendly approach [8] .
Probiotics are microbial dietary adjuvant that beneficially affect the host physiology by modulating mucosal and systemic immunity, as well as improve nutritional and microbial balance in the intestinal tract [9] . These biological agents have been utilized for disease control, supplements to improve growth, and in some cases as a means of replacing antimicrobial compounds in aquaculture. Probiotics have proven to inhibit the growth of pathogens through production of antagonistic compounds, competition for attachment sites, nutrients, and alterations of enzymatic activity of pathogens, immune-stimulatory functions, and nutritional benefits such as improvement in digestibility and utilization in feed [10] . Hence, the concept of utilizing probiotics in animal feed, particularly, poultry and fish, is fast gaining acceptance [11] . The objective of prevention and control of disease can be achieved by the use of probiotics. Probiotics are characterized by their ability to adhere and colonize the gastro intestinal tract (GIT) of the hosts and able to replicate to high numbers. These organisms must be able to produce antimicrobial substances and withstand the acidic environment of the GIT of the host animals. Probiotics are known to play an important role in developing innate immunity among the fishes; therefore, help them to fight against any pathogenic bacteria as well as against environmental stressors [11] .
Probiotics can be introduced into culture environment to control and compete with pathogenic bacteria as well as to promote the growth of the cultured organisms. The use of probiotics will prove a new eco-friendly alternative measure for sustainable aquaculture. A wide range of gram positive bacteria have been evaluated as probiotics. This includes Aspergillus oryzae, Lactobacillus, Bacillus, Micrococcus, Carnobacterium, Enterococcus, Streptococcus, and Saccharomyces species. The products of probiotics could be administered through water or incorporated in feed, either singly or in combination [11] . Administration of the probiotics proved harmless to the host as well as human being; it also results in improved resistance to infectious diseases in the hosts. However, the dimensions of the effects of probiotics have to be assessed for different fish species. Probiotics could be prepared in different types which include: nonviable, which are dried probiotics; freeze-dried, which are probiotics that thrive well at freezing point; fermentation probiotics, which are produced through fermentation; and viable probiotics, which are living probiotics with guaranteed shelf life [12] . Probiotics have been demonstrated to have potentials for enhancing fish immunity [13] , growth [14] , wound healing [15] , and are eco-friendly [16] . A successful probiotic is expected to be antagonistic to pathogens, by producing antimicrobial substances, which are harmful to the pathogens. In addition, the probiotics should have the capacity to colonize the fish by adhesion and produce important substances like vitamins, which has beneficial effect on the host, in the form of growth promotion or protecting the fish against bacterial pathogens [17] .
Probiotics such as Lactobacillus, Saccharomyces species and their combinations have been found useful in aquaculture production [15, 18] . The administration of diets fortified with these probiotics have improved growth in Oreochromis niloticus [14] , increased immunity in Cyprinus carpio [19] , improved wound healing in Clarias gariepinus [20] , and in Heterobranchus bidorsalis [15] . It would be of interest to understand the applicability of this bio-technique in advancing the fate of aquaculture and food security. Maintenance of hygiene and especially, chemotherapeutics are widely used as interventions on control of diseases of aquatic animals. However, intensive use of chemicals had contributed to the development of resistant strains of pathogens. Hence, there is the need for natural preventives for improving resistance in fisheries and aquaculture. Meanwhile, a large percentage of culture systems still depend mostly on the use of chemotherapeutic agents in treating and controlling the widespread of these diseases. The abuse of chemotherapeutics in fish farming has led to development of drug-resistant bacteria and multiple antibiotic-resistant in the aquaculture industry [21] . This approach has sometimes resulted in the spread of epizootic diseases and severe economic losses. Moreover, chemotherapy may kill or inhibit the normal micro flora in the digestive tract, which is beneficial to fish [22] . Therefore, there is an urgent need to develop alternative approach to the indiscriminate use of antibiotics in fish production.
The principal objectives of the food security through aquaculture can only be achieved in the face of increase in growth and survival, feed efficiency, and disease resistance of culturable fish species, which reflects positively on production costs. The use of probiotics, which control pathogens through a variety of mechanisms that targets these attributes are viewed as an alternative to the use of antimicrobial agents [23] but the potentials of this technique have to be tested in many indigenous culturable fish species. With increasing demand for eco-friendly aquaculture, the use of probiotics in aquaculture is now widely accepted [24] . Positive effects of applying certain beneficial bacteria in aquaculture have also been well documented [25] .
Standards considered in selecting microorganisms as probiotics
For a microorganism to be considered as a good probiotics candidate, it should be able to exhibit these properties: antagonistic properties through the production of antimicrobial materials such as hydrogen peroxide [26] or siderophores [27] . They should be able to colonize other microorganisms in the fish organ through adhesion [17] . The microorganisms are expected to be viable for long period of time under storage [28] . Adhesion is one of the most important criteria for probiotic bacteria because it is considered a pre-requisite for colonization [29] . Probiotic microorganisms will of course have to be nonpathogenic and nontoxic in order to avoid undesirable side effects when administered to fish. Tests of antagonisms, which include studies of adhesion and in-vitro challenged tests, challenged experiments in which fish treated with friendly bacteria are subjected to pathogens in order to evaluate the efficacy of the probiotics by using survival rate as an indicator are important considerable factors in selecting probiotics [30] . The interest of the probiotic use is centered on terrestrial organisms and the term probiotic inevitably is referred to gram positive bacteria associated with the genus Lactobacillus species. Panigrahi et al. [28] submission, however, requires some considerations to humans and terrestrial animals. It could be assumed in aquaculture that the intestinal microbiota does not exist as an entity by itself but there is a constant interaction with the environment and the host functions [31] . The bacteria in the aquatic medium could either be ingested with the feed or when the host drinks water. Terrestrial animals (mammals) inherit an important part of the initially colonizing bacteria through contact with the mother, while aquatic species usually spawn eggs in water, without further contact with their parents. This allows the ambient bacteria to colonize intestinal tract, gills, or skin of newly born animals/larvae, which have not fully developed.
Test for pathogenicity of the selected strains
Microorganisms considered as probiotic candidates should be scrutinized for pathogenicity on the host animals by challenging the target animals with the probiotic microorganisms. The challenged organisms could be administered to the target species through injection, immersion, or addition into the feed. The test of pathogenicity could either be carried out in-vitro or in-vivo.
a. In-vitro antagonism tests: Common way to screen the candidate probiotics is to perform in-vitro antagonism tests in which the pathogens are exposed to the candidate probiotics or their extracellular products in liquids [32] or solid medium. Depending on the extract arrangement of the tests, candidate probiotics can be selected based on the competition for nutrients [32] . The pre-selection of probiotics candidate based on these in-vitro antagonism tests has often led to the finding of effective probiotics [26] .
b. In-vivo antagonism tests: Pathogenicity effects of microorganisms considered as probiotics could also be tested in-vivo to determine the safety level of the tested probiotic candidate.
The probiotics characteristics of Lactic acid bacteria and Yeast
Lactic acid bacteria are potential probiotic candidates in aquaculture and are also known to be a normal inhabitant in the intestine of healthy fish [14] . Most lactic acid bacteria are harmless, while some strains have been reported to have beneficial effects on fish health and are antagonistic to pathogens [32] . Strains of lactic acid bacteria are the most common microbes employed as probiotics. Most probiotic strains belong to the genus Lactobacillus. Lactobacillus species have the ability to degrade organic materials, reduce ammonia, and inhibit the growth of pathogens by outcompeting them [33] . Lactic acid bacteria are a heterogeneous group of bacteria that are generally considered safe for use in food and food products. Lactic acid bacteria have been used for lactic acid fermentation of sorghum-or maize-based cereals used as infant weaning foods, for example, Pap (ogi) prepared from maize slurry [34] . Lactic acid bacteria are spherical, cocci, coccobacilli, or rods and divide in one plane only with the exception of Pediococcus species [35] . Lactic acid bacteria have no strict taxonomic significance although they have been shown by serological techniques and 16S ribosomal RNA cataloging to be phylogenetically related. They share a number of common features as earlier stated. Most of these organisms are aero-tolerant anaerobes, which lack cytochromes and porphyrins. The lack of these two components in their systems explains why they are negative to catalase and oxidase tests [36] . The antibacterial effect of lactic acid bacteria (LAB) is therefore ascribed to its tendency to produce antibiotics-like substances (bacteriocins) such as Acidophilin, Lactolin, and Lactocidin.
Saccharomyces cerevisiae is budding yeast species commonly used in baking and brewing, owing to its fermenting property or ability. The cells are ovoid in shape, 5-10 μm in diameter. It reproduces by a division process known as budding. All strains of S. cerevisiae can grow aerobically on glucose, maltose, and trehalose but cannot grow on lactose and cellobiose. It is a single-celled organism, which can easily be cultured with short generation time of about 1.5-2 hours doubling time at a temperature of 30°C. It contains various immune-stimulating compounds such as β-glucans, nucleic acid, and mannan oligosaccharides, which have been reported to enhance immune response and growth of various fish species [37] . Mesalhy et al. [38] recorded higher growth rate in the study carried out using probiotic-supplemented diets on Oreochromis niloticus than those kept on basal diet. It was concluded that addition of Bacillus subtilis and S. cerevisiae enhanced the growth performance, feed utilization, and mitigated the effects of population density, which is the main growth-inhibiting factor in intensive aquaculture systems. The best food conversion rate (FCR) values were recorded in probiotic-supplemented diets, and it was concluded that the probiotic used improved feed utilization, which practically showed that the probiotic used can reduce the amount of feed necessary for animal growth and thus, reduce the cost of production [37] .
Saccharomyces, Clostridium, Bacillus, Enterococcus, Lactobacillus, Shewanella, Leuconostoc, Lactococcus, Carnobacterium, and Aeromonas species are the commonly used probiotics in fish culture practices [11] . These probiotics have been reported to produce beneficial results to the host organisms. Bacillus species increased survival and production of channel catfish (Ictalurus punctatus), improved growth and immunity of Nile tilapia (Oreochromis niloticus) was achieved through feeding of diet containing Bacillus subtilis and Rhodopseudomonas, and rainbow trout (Oncorhynchus mykiss) was protected against Vibrio anguillarum by Pseudomonas fluorescens [9] . Generally, probiotics have demonstrated the ability to increase fish growth by enhancing the feed conversion efficiency, as well as confer protection against harmful bacteria by competitive exclusion, production of organic acids (formic acid, acetic acid, and lactic acid), hydrogen peroxide, and several other compounds [37] . They can also effectively trigger the fish immune system [37] .
Abdul El-Halim et al. [39] discovered that the addition of living yeast in diet improved the performance of Oreochromis niloticus. Scholz et al. [40] also reported improved growth and survival of sea bass fry with S. cerevisiae and attributed this to adherence ability of S. cerevisiae cells to the gut and secretion of amylase enzymes, which increased digestibility of the diet. The probiotics used by Marzouk et al. [41] enhanced the growth performance of Oreochromis niloticus and suppressed the activity of the pathogenic bacteria in the intestine of the tested fish. The disease outbreak was reportedly prevented in fish with the use of S. cerevisiae and Bacillus subtilis as probiotics. This could have been possible with the ability of these microorganisms to attach and colonize the intestinal walls of the host animals, which eventually prevent other bacterial from getting access to the intestinal walls [41] . Li et al. [42] described positively influenced growth performance of brewer's yeast (S. cerevisiae) and feed efficiency of hybrid striped bass (Morone chrysops xm saxatilis) and resistance
to Streptococcus iniae infection. In addition, results of immune response assays illustrated that brewer's yeast can be administered for relatively long periods without causing immune-suppression.
Lactobacillus fermentum and S. cerevisiae have also been reported to improve the growth performance and health status of fish species, Oreochromis niloticus [37] and Mystus montanus [3] . Various studies have been carried out using some bacteria strains as probiotics on fish species such as Clarias gariepinus and Tilapia species, but there is little or no information on the use of bacteria strains and yeast species as probiotics on indigenous species such as H. bidorsalis. Furthermore, information on the immune response of these probiotics on this fish species is not available [43] . Lactobacillus fermentum is a common bacteria strain, which has been used on different fish species. The wide occurrence and high antagonistic effects to the pathogens of the L. fermentum and the S. cerevisiae made them a good potential in testing for their probiotic ability and immune response. A beneficial effect by application of certain beneficial bacteria in human, pig, cattle, and poultry nutrition has been well documented by Jong [44] . However, the use of such probiotics in aquaculture is a relatively new concept [45] . Zhou et al. [17] reported the use of beneficial bacteria (probiotics) to displace pathogens by competitive processes being used in animal industry as a better remedy than administering antibiotics. This phenomenon is now gaining acceptance for the control of pathogens in aquaculture.
Importance of probiotics in aquaculture
Probiotics have been found beneficial in various ways such as:
• Providing additional nutrients thereby reducing feed costs.
• Maintaining desired conditions within the culture environment.
• Eliminating the stressors like NH 3 , NO 2 , and NO 3.
• Stabilizing and controlling the microbial populations.
• Maintaining stable water quality parameters.
• Preventing bacterial and viral infections.
• Improving feed and make it to be more attractive.
• Supporting growth through production of vitamins, minerals, nucleic acids, and by stimulation of beneficial gut flora.
• Improving feed conversion rate and survival rate of aquatic species.
• Reducing the use of chemotherapy.
The benefits listed above substantiated [46] who anticipated that bacteria would be found useful both as food and as biological control agents of fish diseases and activators of the rate of nutrient regeneration in aquaculture. Zong-fu et al. [12] stated that potential probiotic microorganisms must be able to colonize the fish intestinal mucosa and produce materials, which are eco-friendly to the host but antagonistic to pathogens. Furthermore, optimal diet utilization by the host animal has been ensured with the use of probiotics, which stimulate the multiplication of gut micro flora in the host fish. It should be noted that an application of probiotics into the water and ponds may also have a positive effect on fish health by improving the water quality, since they modify the bacteria composition of the water and sediments.
Application of probiotics as biological control agents in aquaculture
Probiotics have been applied in various aspects of aquaculture with promising results, especially in shrimp production [47] . Luminous vibrio has also been reported to be completely eliminated from the water column and from the sediment of ponds when probiotic strains selected for their inhibitory effect were used [48] . Hence, disease problems could be overcome by applying probiotic biotechnology, which is an application of microbial ecology [47] . Probiotics are expected to have a direct involvement in nutrients or vitamins [26] . They also enhance the growth of fish [49] . Lack of data on the efficacy of probiotics in commercial aquaculture is still affecting the sustained use of probiotics [50] . Most studies on the effects of probiotics on cultured aquaculture animals have emphasized a reduction in mortality or improved resistance against putative pathogens [51] . Probiotic can be added to the host or its ambient environment in several ways such as:
• Addition to artificial diet
• Addition to culture water
• Bathing
• Addition via live food
Probiotics could be provided to animals in different ways depending on the aim and objective of the study. However, the best method of administration is continuous feeding. This would ensure that the probiotics is present in the gut in a large number and able to metabolize and produce its probiotics effects.
Probiotic use in fish eggs, larvae, juvenile, and adult fish
The need to control the micro biota in hatching incubators through the alternative means in reducing the use of antibiotics needs to be adequately emphasized. Fish larvae may ingest substantial amount of bacteria by grazing on suspended particles and egg debris [52] . Ringo and Gatesoupe [26] added lactic acid bacteria (LAB) to larvae of some fish species and a significant reduction of larval mortality was recorded when the larvae were challenged with pathogenic microorganisms (Vibrio). Ref. [32] fed lactic acid bacteria to Atlantic Cod fry to look at the effect of lactic acid bacteria on the growth and survival rate of Atlantic Cod fry. The experimental fish were given short term bathing in a bacteria suspension of probiotic [27] . Long term exposure in the rearing water led to the reduction in mortality of fish [9] . Ref. [23] selected several strains with a positive effect on the survival and growth of artemia juvenile.
Improving the immune response of the fish larvae
The level of immune response exhibits by the host animals greatly depend on the immune stimulants such animal is able to produce. Immune stimulants are produced to resist or combat any foreign body or objects intended to infect such animal. The immune systems of fish larvae are less developed; therefore, depend on nonspecific immune response to fight against infection [21] . Observations obtained in experiments with warm-blooded animals indicate that probiotic (lactic acid bacteria) administered orally increased resistance to enteric infections [49] . There are many reports that bacterial compounds act as immune stimulant in fish; however, it is not clear whether bacteria administered as probiotic could have a beneficial effect on the immune response of cultured aquatic species [8] . The role of lactic acid bacteria (LAB) within the digestive tract of endothermic animals and humans has been extensively studied [30] . Few authors have tested in-vivo, the protection conferred by probiotics in fish experimentally infected with pathogens. Bernet et al. [53] found that Lactobacillus strains isolated from rotifers increased the resistance of Turbot larvae against a pathogenic Vibrio species. Gildberg at al. [32] demonstrated that Carnobacterium divergens decreased the mortality rate of Atlantic Cod fry challenged with Vibrio anguillarum. Douillet and Langdon [54] also reported that Carnobacterium administered to fry and fingerlings of Atlantic salmon reduced the mortality caused by Aeromonas salmonicida, Vibrio ordalli, and Yersinia ruckeri. The role of lactic acid bacteria as immune-modulators improves nonspecific defenses and is well-known for mammals [31] . Villamil [55] stated that this role has to be determined for fish. Most studies with probiotics conducted to date with fish have been undertaken with strains isolated and selected from aquatic environment and cultured animals.
Improvement of water quality
Water quality has been recorded to be improved at the addition of probiotics especially, Bacillus species. The rationale behind this is that gram positive bacillus species are generally efficient in converting organic matters back to CO 2 than gram negative bacteria [8] . Probiotics has also found its usage in water purification, especially with the culture of nitrifying bacteria in bio filters. Nitrifiers are responsible for the oxidation of ammonia to nitrite and subsequently to nitrate. The nitrifying cultures could be added to the ponds or tanks when an incidental increase of ammonia or nitrite levels is observed. Besides ammonia, nitrite toxicity is a common problem in fish culture especially in stagnant pond and re-circulatory system [56] .
Improvement in fish growth
Inclusion of probiotics in the diets of fish species such as hybrid striped bass (Morone chrysops xm saxatilis), Oreochromis niloticus, catfish, and carp could improve the growth performance, body length, weight gain, and feed conversion ratio (FCR) of fish species [57] . Probiotics could also improve the body composition of fish fed with it. The addition of probiotics in the fish diets was reported to reduce the mortality rate. Gatesoupe [30] showed that turbot (Scophthalmus maximus) larvae fed with rotifers enriched with lactic acid bacteria had improved resistance against pathogenic vibrio infection, while noninfected fish showed slight increase in mortality when the level of lactic acid bacteria in the feed was too high.
Improve the hematology of fish
The hematological parameters of fish have been reported to be improved with the addition of probiotic bacterial into the diets of the experimental fish. For instance, the red blood cell counts (RBC) and white blood cell (WBC) of experimental fish were reported improved after being fed with probiotic bacterial [58] . Probiotics actively stimulate the proliferation of lymphocytes (both B and T cells) and further immunoglobulin production in fish [59] . Application of hematological techniques is, therefore, valuable in fish biology for the assessment of fish health and stress response. In the hemoglobin, oxygen is bound and released easily by iron (Fe) action contained in the hemoglobin molecule as blood transverse the pulmonary capillaries. Red blood cells (RBC), mean corpuscular hemoglobin (MCH), and hematocrit (HCT) have been reported by Adeyemo et al. [60] to indicate secondary responses of an organism to irritants. O'Neal and Weirich [61] describe decrease in erythrocytes to be the major and reliable indicators of various sources of stress in fish. Decrease in white blood cells (WBC) indicates vulnerability to stress and infection [58] . Decrease in red blood cells (RBC) indicates reduction in level of oxygen (O 2 ), which is being carried to the tissue and carbon dioxide (CO 2 ) that is returned to the lungs. It also indicates malnutrition in animal. Decrease in mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (McHc) indicates anemia [58] . Differential counts of neutrophils and monocytes give the level of protection against bacterial invasion, while lymphocytes determine the level of immunity. High platelet values show that the fish is likely to withstand and get healed quickly from bruises or wounds, which could be acquired from fight or overstocking. Heterophil/Lymphocyte ratio is a reliable indicator of stress associated with injury [62] . Increase in heterophil/lymphocyte (H/L) ratio indicates stress. Probiotics also actively stimulate the proliferation of lymphocytes (both B and T cells) and further immunoglobulin production in fish [59] . Serum biochemistry deals with the level of various enzymes, minerals, and proteins in the blood. Biochemical values are sometimes variably or invariably affected by blood, sex, age, environment, nutritional status, and experimental factors. Serum is the preferred sample for chemistry analysis, although plasma is often used because of the difficulties of obtaining two samples from one animal. The yield of plasma from a sample is usually greater than that of serum. If plasma is used for the analysis, then the auto coagulant should be considered in result interpretation. Choudhury et al. [63] discovered that dietary supplements of ribonucleic acid significantly influenced the total serum, protein, albumin, and globulin of the experimental fish (Labeo rohita). The highest plasma protein concentration was recorded in fish fed 25% yeastbased diet [64] . Kobeisy et al. [65] studied the roles of 0, 5, 10, and 20% dietary live yeast on the serum glucose of Oreochromis niloticus for 13 weeks. They recorded a significant increase in the serum glucose concentration, compared to the control group.
Stress reduction in fish
Stress is referred to as "the non-specific response of the body to any demand made upon it." Stresses are additives and increase the susceptibility of animals to disease while decreasing their growth rate and feed conversion efficiency [66] . The degree to which stress affects any particular fish is determined largely by the severity of the stress, its duration, and the health of the fish. Reduced or negative growth is commonly observed during stressful periods, while growth rates or derived parameters are often considered reliable indicators of stress and welfare [67] . Fish under intensive culture conditions are exposed to a variety of stressors owing to the economic realities of large scale production [68] . To enhance production, farmers often increase rearing densities beyond system capacities. Rearing at high density can cause stress through deterioration in water quality, overcrowding, or adverse social interactions [69] . High rearing density adversely increases fish susceptibility to disease, possibly as a result of chronically elevated cortisol levels, which have immune-suppressive and catabolic actions in fish [70] . The common symptoms of stress include: gasping at the surface for oxygen, lack of appetite for food, abnormal swimming position, and fish disease. Stocking density is one of the key factors determining profitability and economic sustainability of a fish farm. Meanwhile, farmers often increase rearing densities to intensify production [71] and these suboptimal conditions may result in chronic stress in fish culture [72] . Three types of stress indicators can be detected in fishes: release of corticosteroid hormones (for example cortisol) into blood circulation [73] , changes in hematological parameters, and the whole animal performance like growth and survival rate [68] .
Hormonal and blood parameters have frequently been used as indicators of stress in sturgeons [74] . Stocking density has been studied in many bony fishes [72] . Stocking density is one of the most important factors in aquaculture because it directly influences survival, growth, behavior, health, feeding, and production of fish under farmed conditions [75] . The effect of stocking density as a major factor affecting fish growth has been the subject of many studies [76] . Hematological parameters are important indices related to response of fish to different environmental conditions. They are considered as important stress indicators in estimating reactions of fish to various environmental conditions and assessment of its general physiological status [77] . The level of hematological and growth indices in fishes is an important parameter to evaluate the stress responses to various environmental conditions [78] . Many studies have confirmed the significance of the hematological parameters to assess the response of organism to the environment condition and their importance for estimating its general health condition and possible effect of exposure to stressors [79] . Stocking density is considered an environmental stressor in aquaculture [80] . This constitutes an important item in any fish culture operation. The result of the improvement in output with respect to stocking density is essential in an intensive production system [81] with the objective of profit maximization.
Production economics revealed that high stocking density of 40 fingerlings/m 3 gave the highest profit index and best cost ratio. At high stocking density (40 fingerlings/m 3 ), raising of C. gariepinus is more profitable [82] . Therefore, to increase fish production, appropriate environmental conditions must be provided [83] . Sohrab et al. [84] reported that growth and nutritional indices were appropriate indicators in assessing the impact of the induced stresses in the Caspian roach larvae owing to stocking density. Many studies have mentioned the importance of the hematological indices to evaluate the stress status of fish as a result of stocking density [84] . Hematological parameters such as hematocrit (HCT), hemoglobin (HB), number of red blood cells (RBC), eosinophil (EOS), and heterophil (HET) in Beluga (Huso huso) were not affected by increasing stocking density [85] . Binukumari and Anbarasi [86] recorded decreased trend in neutrophil numbers, RBC, and WBC (white blood cell) count in the stressed fish.
Accelerates wound healing in fish
Wound occurs when the integrity of any tissue is compromised for instance: skin breaks, muscle tears, burns, or bone fractures. This is very common with scale less fish such as catfish. Fish skin is divided into three layers namely: epidermis, dermis, and hypodermis. The skin is the outer covering of an animal, which forms a barrier against harmful microorganisms and chemicals entering the body. It has the ability to constantly renew itself after injury. It is highly vulnerable to injury owing to its position outside the body of the animal. The process of wound healing depends on how deep the wound is. Healing of wounds is characterized by synthesis of collagen. Wound-healing studies have been carried out on Heterobranchus bidorsalis juveniles [15] , rainbow trout [87] , channel catfish [88] , and Nile tilapia [89] . Erazo-Pagador and Din [20] reported Clarias gariepinus fed with diets with dietary ascorbic acid had more rapid and complete wound healing. Histological examination by Erazo-Pagador and Din [20] revealed that at 14 days after wounding, fish fed with diets without ascorbic acid had normal epidermis and dermis but muscle tissues were still regenerating, whereas fish fed with diets containing ascorbic acid had normal epidermis, dermis, and muscle tissues. Rapid wound healing is especially important in the intensive culture of African catfish. This is because these species behave aggressively, have no scales, and have strong pectoral spines that can inflict wounds, especially at high stocking densities [20] .
Conclusion
Having mentioned all the benefits that could be derived from using probiotics in fish production, it will be very imperative to embrace the use of this eco-friendly method in fish culture.
